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Abstract 
Microsatellite enriched library of Hyriopsis cumingii was constructed according to the strong 
affinity between biotin and streptavidin. One hundred clones with foreign inserts were 
sequenced and 65 clones were screened for usable microsatellites, of which 36 were deemed 
unique, of sufficient length (more than 8 repeats) and possessed adequate flanking regions for 
primer designment. Among 36 primer pairs designed, 25 yielded scorable amplification 
products. Upon testing 30 individuals were sampled using the 25 pair primers from Dongting 
Lake of Hunan Province, China. Then thirteen polymorphic microsatellite markers were 
isolated and characterized. These loci exhibited high levels of genetic polymorphism, so the 
observed number of alleles per locus ranged from 4 to 9. The ranges of observed and 
expected heterozygosity were 0.2543 to 0.8913 and 0.3629 to 0.8217, respectively, and the 
average polymorphic information content was 0.5198. Two microsatellite loci were 
significantly deviated from Hardy-Weinberg equilibrium due to the presence of null alleles, 
and no linkage disequilibrium found. These microsatellite loci will be useful for assessing the 
genetic diversity and population structure of H. cumingii. 
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Introduction 
In China, the production of freshwater pearl 
is high, and in 2008 it reached 1400 tons, 
approximately 95% of the world’s total 
productivity. Cristaria plicata and Hyriopsis 
cumingii are two major species used for pear 
culture. C. plicata is widely distributed in 
many countries, such as China, Japan, Korea, 
and Vietnam (Dong and Li, 2004). C. 
plicata boasts unique advantages regarding 
its growth rate, disease-resistant ability, and 
productivity. However, due to its low pearl 
quality, it has been replaced by H. cumingii 
in the past 10 years for pearl production. 
H. cumingii is considered as a unique 
freshwater mussel for pearl production in 
China. Boasting many merits such as 
productivity, convenience of the 
pearl-producing operation, high efficiency 
of pearl production, and the high quality of 
the pearls yielded, H. cumingii is the 
dominant freshwater pearl-producing mussel 
in China. Although the industry of mussel 
cultivation and pearl production is 
developing and increasing numbers of pearls 
are being produced, the quality of the 
produced freshwater pearls continues to 
decline. Moreover, over-exploitation and 
changes in water quality decreased both the 
numbers and quality of freshwater 
H. cumingii (Li et al., 2006; Wang et al., 
2007). In addition, the growth features of 
H. cumingii vary in different bodies of water. 
For instance, DNA analysis revealed that the 
genetic diversity of H. cumingii in two of 
China’s largest freshwater lakes, Dongting 
Lake and Poyang Lake, is higher than that in 
other bodies of water (Hua et al., 2003; Li et 
al., 2005). To better protect and utilize the 
important freshwater mussel species, more 
polymorphic microsatellite markers are 
needed. Microsatellites or simple sequence 
repeats (SSRs) have been widely used as 
DNA markers in population genetic studies, 
parentage and kinship analysis because of 
their high level of polymorphism and 
codominant Mendelian inheritance 
(O’Connell and Wright 1997). In the present 
study, dinucleotide-enriched microsatellite 
genomic library of H. cumingii was 
constructed and 13 novel polymorphic 
microsatellite loci were developed from the 
library to permit the evaluation of genetic 
variation in future studies. 
Materials and methods
 
Materials
 
Triangle mussels for construction
 
of
 
microsatellite genomic library
 
were 
collected
 
from a pearl culture farm
 
in 
Gong’an,
 
Hubei province of China and 
maintained at 18 °C in
 
aerated tanks for a 
week
 
before processing.
 
Reagents
 
used in 
the experiment were purchased from 
Progema (America) and streptavidin-coated 
beads
 
were purchased from NEB (USA). 
Adapters
 
were respectively
 
Mse
 
I A
 
(5-TACTCAGGACTCAT-3), Mse
 
I B
 
(5-GACGATGAGTCCTGAG-3), MseI-N
 
(5-GATGAGTCCTGAGTAAN-3)
 
and
 
biotin-labeling
 
probe
 
(5-biotin -
 
(AC)
 
13-3).
 
Construction of microsatellite enriched 
library
 
Total DNA was extracted from the feet and 
adductor muscles of five
 
mussels by using 
the Wizard Genomic DNA Purification Kit 
(Promega, USA). Microsatellite isolation 
was performed following the process of Guo 
et al. (2009) with some modifications. 
Approximately 200 ng of total genomic
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DNA was digested with Mse I and then 
ligated to the mixture of Mse I A and Mse I 
B. The treated DNA samples were then 
pooled and fragments were separated on a 
1.2% agarose gel prior to size selection. The 
resulting fragments (400–1000 bp) were 
excised, purified with the E.Z.N.A™ 
Cycle-pure kit (Omega, USA), and 
amplified (23 cycles) with MseI-N primers. 
The amplified DNA was hybridized with 
250 pmol of biotin-labeling probe in a total 
volume of 100 μl of hybridization buffer (6× 
SSC and 0.1% SDS). The mixture was 
incubated at 95°C for 5 min, followed by 
annealing at 58°C for 30 min and gradual 
cooling to room temperature. During this 
hybridization, 30 μl (per treatment) of 
streptavidin-coated beads were resuspended 
in 400 μl of 1× hybridization buffer and 
washed 3 times. The hybridization mixture 
was added to the washed beads and 
incubated for 30 min at room temperature. 
The beads were washed twice with 1× 
hybridization buffer, thrice with high wash 
solution (0.2× SSC + 0.1% SDS) and twice 
with high wash solution at 10°C below the 
annealing temperature. The enriched 
fragments were recovered from the beads by 
resuspending the beads in 100 μl of 1× TE 
(pH 8.0) and heating to 95°C for 10 min. 
The enriched solution was immediately 
removed from the beads by using a 
magnetic stand. DNA-containing repeats 
were amplified with MseI-N primers. The 
cycling conditions were as follows: an 
initial denaturation at 94°C for 5 min, 
followed by 23 cycles at 94°C for 30 s, 
53°C for 1 min and 72°C for 1 min, with a 
final extension at 72°C for 10 min. The 
cleaned products were ligated into 
pMD18-T vectors (TaKaRa) and 
transformed into DH5a-competent cells. The 
recombinant clones were detected by PCR 
amplification with MseI-N primers. Clones 
with foreign inserts were sequenced by an 
ABIPRISM 3730 automated sequencer 
(Invitrogen, USA). 
Analysis of microsatellite sequence and 
primer design 
Repetitive sequences were searched in the 
gained sequence using the software of 
Tandem Repeats Finder (Benson, 1999). 
Then pair primers were designed in the 
microsatellite sequences with the software 
Primer 5.0 and then used for the subsequent 
experiments.. 
Screening and analysis of polymorphisms 
microsatellite primers 
PCR conditions were optimized for each 
pair of primers, and polymorphisms were 
assessed using 30 H. cumingii individuals 
that were collected from Dongting Lake of 
Hunan Province, China. Approximately 50 
ng of template DNA were used in each 
20-μl PCR reaction containing 0.5 μM of 
forward and reverse primers, 2.5 mM MgCl2, 
200 μM dNTPs, 1× Taq buffer (75 mM 
Tris-HCl, pH 8.8, 20 mM (NH4)2SO4, and 
0.01% Tween 20), and 0.5 U of Taq 
polymerase (Ferments). The amplification 
procedure consisted of initial denaturing at 
94°C for 5 min; 30 cycles at 94°C for 30 s, 
52°C or 55°C for 45 s, 72°C for 1 min; and 
a final extension at 72°C for 10 min. PCR 
products were then separated on a 10% 
denaturing polyacrylamide gel and 
visualized by silver staining. The pBR322 
marker (Tiangen) was used as a standard for 
scoring. Preliminary population genetics 
analysis was performed using Popgene 
version 1.32 (Yeh and Boyle, 1997)
 
and 
Quantity-One software (Bio-Rad). 
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Deviations from Hardy-Weinberg 
equilibrium (HWE) and linkage equilibrium 
were determined using Popgene version 
1.32. The frequency of the null allele at each 
locus was examined with Micro-Checker 
(Oosterhout et al., 2004). The polymorphic 
information content (PIC) was calculated 
using the following formula:
  
              PIC = 1 − 















 
1
1 1
22
1
2
2
n
i
n
ij
ji
n
i
i ppp , 
where pi and pj are the frequency of the i
th
 
and j
th
 allele, respectively and n is the 
number of alleles (Botstein et al., 1980). 
 
Results 
Character of microsatellite enriched library  
The recombinant clones were detected by 
PCR amplification with MseI-N primers. An 
ABIPRISM 3730 automated sequencer 
(Invitrogen, USA) sequenced 100 clones 
with foreign inserts, of which 65 clones 
were screened for usable microsatellites. 
The average insert size was 320 bp and 95% 
of the inserts ranged from 149 to 452 bp, in 
which perfect microsatellite sequence was 
dominant with the percentage of 61.1%. In 
these microsatellite sequences, there were 
CT, GA, TCAC and TACA repetitive units 
except for the CA/GT. Length distribution 
of microsatellites in the genome of 
H.cumingii showed repetitive frequency 
concentrated on 11-30, which its percentage 
reached 80.95%, and the percentage was 
11.09% for above 30 repetitive frequency. 
The biggest repetitive frequency reached 95 
(Fig. 1).
  
 
 
Figure 1: Length distribution of microsatellite in the genome of H.cumingii 
Microsatellite characteristics.  
Of 65 usable microsatellite sequences, 36 
were deemed unique, possessing sufficient 
length (more than 8 repeats) and adequate 
flanking regions for primer design. These 
relevant sequences have been deposited in 
GenBank (GQ302634–GQ302668) (Table 
1). 
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Table 1: Characterization of microsatellites and genetic diversity in 30 triangle mussels 
Locus 
GenBank 
no. 
Primer sequence (5–3) Repeat motif 
Expected 
size (bp) 
Ta 
(°C) 
N K HO HE PIC FNA 
Deviation 
from 
HWE 
HC-clone1 
GQ302634 
F:CGTAATGTTGTCCCGATGAT  
R:ACCTCTACTGCTGGAGATTGTT  
(TG)19 305 52 
3
0 
6 
0.684
8 
0.7926 
0.592
2 
-0.183
6 
 
HC-clone3 
GQ302636 
F:ATAGCGATCATTCTCACTGCAC 
R:TGCCTACTTTCAGTTCCATCAC  
(TG)21 199 55 
3
0 
5 
0.387
9 
0.5109 
0.342
6 
0.1287 
 
HC-clone6 
GQ302639 
F:ATGTCACTTGTTTGGCACCTC 
R:CAGTCCTCTTCAGGACTACAC  
(CA)19 162 52 
2
9 
7 
0.628
7 
0.6829 
0.503
1 
-0.087
2 
 
HC-clone8 
GQ302641 
F:GCATTGTATAGCCAGGATTGT 
R:TGTCAGCAGGAGATGGATGG 
(CA)20 245 52 
2
9 
9 
0.891
3 
0.7292 
0.697
4 
-0.209
1 
 
HC-clone12 
GQ302645 
F:GTGTGAATAGTAGATTATGGGTT 
R:TCAGGATAATGTAACTGGGTG 
(GT)7GA(GT)10 165 55 
2
8 
5 
0.481
5 
0.5608 
0.402
7 
-0.178
9 
 
HC-clone15 
GQ302648 
F:TTTTCTTTTCCGCTTTCATAC 
R:CAGAGGTGAGATGGCAGTGAT 
(CA)27(TACA)9 257 55 
2
9 
9 
0.982
7 
0.6791 
0.732
5 
-0.567
2 
 
HC-clone18 
GQ302651 
F:ATCCTCAACATCGCCCATAC 
R:TACTATACTCACATGTGCAA 
(CA)20 183 52 
2
7 
5 
0.254
3 
0.7783
* 
0.451
8 
0.3872 * 
HC-clone20 
GQ302653 
F:ATTTGTTGCCCGCCACTTT 
R:ATATCCCCAATTCCACCTTC 
(CA)21 106 52 
3
0 
4 
0.523
9 
0.3629 
0.357
8 
0.1768  
HC-clone21 
GQ302654 
F:AGAAACAAACCGCTGAAAGA 
R:GAATCAATGCGAGTAAAGTGG 
(TG)28 254 52 
2
9 
7 
0.541
7 
0.6652 
0.598
2 
-0.241
9 
 
HC-clone24 
GQ302657 
F:ACTGTAAAATGGACCCGTGT 
R:CATAGAACTAAAGCCCGAAGA 
(CT)26(CA)15 310 55 
2
9 
9 
0.623
8 
0.7378 
0.593
1 
-0.148
7 
 
HC-clone25 
GQ302658 
F:ACGCAAGCAAAGGAGAATG 
R:GAATAGGCTCCGTGTCTTT 
(TC)14GC(TC)2TT(TC)
3 
124 52 
2
8 
7 
0.421
2 
0.8217
* 
0.512
9 
0.4129 * D
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Table 1:Continued
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PCR amplification with these 36 pair 
primers were conducted in the 30 
individuals in the same population, in which 
no special bands were amplified using some 
primers (GenBank accession no: GQ302635, 
GQ302642 ， GQ302650, GQ302662, 
GQ302667) in the 30 individuals and 
special bands were amplified with the 
primers (GenBank accession no: GQ302637, 
GQ302647, GQ302649, GQ302652, 
GQ302655, GQ302664) in partial 
individuals. So 25 pair primers were 
screened in the 36 pair primers.  
Thirteen primer pairs of successfully 
amplified unambiguous PCR products were 
interpreted as possessing polymorphic 
allelic variation in the 25 pair usable primers 
(Table 1). The number of alleles per locus 
was 4–9 with an average of 6.54, the 
expected heterozygosity varied from 0.3629 
to 0.8217 and the observed heterozygosity 
ranged from 0.2543 to 0.8913 (Table 1). 
The range of PIC was 0.3426 to 0.7325 with 
an average of 0.5198. Of the 13 
polymorphic loci, 2 (HC clones 18 and 25) 
deviated from HWE in the tested population 
(adjusted P value = 0.005). An analysis 
using Micro-Checker v2.2.3 software 
(Oosterhout et al., 2007) suggested that 
these deviations were due to the presence of 
null alleles. The null allele frequency ranged 
from -0.5762 to 0.4129. No significant 
linkage disequilibrium was detected 
between any pairs of loci. These data 
suggest that high genetic diversity exists in 
the triangle mussel H. cumingii population.  
Discussion 
Microsatellite enriched library-combined 
biotin and streptavidin with beads are 
efficient markers in gaining microsatellite 
sequence due to their high efficiency, low 
cost and many usable microsatellite 
sequences. In the present study, 65 usable 
microsatellites were screened from 100 
clones with the method. Among them, 
perfect was 61.1%, imperfect was 29.63% 
and compound was 9.26%, which was in 
accordance with the results in most of fish 
(Hao et al., 2006). 
Microsatellites exist in every species 
genome, but repetitive motifs differ a lot. 
Dinucleotide repeat motif AC/TG was the 
most abundant in most animals. For 
example, (AC)n often existed in human 
genome and teleosts such as Takifugu 
fasciatus, Ictalurus punctatus, Cyprinus 
carpio, Oncorhynchus mykiss, 
Ginglymostoma cirratum and Paralichthys 
olivaceus (Brenner et al., 1993; Chen et al., 
2005). For mollusks living in the same 
water as teleosts, there were many repetitive 
units. In the genome of Mytilus 
galloprovincialis, (AC/TG)n was the 
abundant repetitive motif except for the 
mononucleotide repeat and every 429 kb 
contains one (AC)n>5 repeats. This result 
was also found in Alasmidonta heterodon 
(Shaw et al., 2006), Margaritifera 
margaritifera (Geist et al., 2003), 
Mizuhopecten yessoensis (Sato et al., 2005, 
H.cumingii (Li et al., 2007) and C.plicata 
(Jia et al., 2009). In other words, AC/TG 
motif was the most abundant dinucleotide 
repeat in eukaryote, while there was less 
frequency of dinucleotide and 
tetranucleotide in the genome of yeast and 
epiphyte (Tóth et al., 2000). Furthermore, 
the most common plant repeat motif was 
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AA/TT followed by AT/TA and CT/GA 
(Lagercrantz et al., 1993). 
Ellegren et al. (2002) reported that 
repeat frequency was often less than 30 in 
eucaryote microsatellite sequences. In the 
study, repetitive frequency concentrated on 
16-20, and its percentage reached 38.09%. 
This group comprised about 88.91 % of all 
microsatellites with a length of less than 30 
repeats and the highest repeats frequency 
was 95, which was consistent with the result 
studied by Ellegren. All those showed that 
oligonucleotide probes with 13 repeats 
could screen enough high repeat of 
microsatellite sequence in H.cumingii. 
H.cumingii is endemic to China and is 
the most productive freshwater pearl mussel. 
While mussel culture and pearl production 
are developing and more pearls are being 
produced, the quality of freshwater pearls is 
declining. Overexploitation and change of 
water quality also lead to germ degeneration 
in H.cumingii (Hua et al., 2003; Wang et al., 
2007; Li et al., 2005). The study reported 13 
microsatellite loci in H.cumingii. The high 
number of alleles, heterozygosity and 
polymorphic information content suggested 
their applicability for diverse purposes, e.g. 
in the determination of genetic diversity, the 
evaluation of genetic resource, and the study 
of population genetics of this mussel 
species.  
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